Abstract The geotechnical lateral variations of the upper crust of the Eastern Anatolian were investigated using amplitude decay, Quality factor, seismic velocity and Poisson's ratio. The average Poisson's ratio was calculated as 0.2988 for the whole study area. Q P and Q S average quality factor were determined as 35 and 57, respectively and average d P and d S values were determined as 0.0149 and 0.0163 for the whole study area. The lowest Q S /Q P value 1.479 and the highest V P /V S value 1.194 are found at the Palu station. The highest V P /V S value, Poisson's ratio and quality factor rates were found in and around Kemaliye. The estimated Poisson's ratio values for the six stations ranged from 0.117 to 0.680 highlighting the regional differences in the seismodynamic of the crust. The entire study area is divided into different geotechnical regimes according to the lateral distributions of the seismodynamics properties. Study results showed once again that the fracture density and dimensions is associated with seismodynamics properties which are the changeable pressure ratios of the upper crust.
Introduction
Seismic waves are attenuated travelling through crust due to the elasticity and heterogeneity of the medium (Ricker 1953; Futterman 1962; White 1983; Kneib and Shapiro 1995) . Amplitude reduction is generally frequency dependent and, more importantly, attenuation characteristics can reveal unique information about lithology, physical state and the degree of rock saturation . Numerous studies have been carried out in different parts of the world in order to determine the attenuation of seismic waves in the crust (Aki and Chouet 1975; Herrmann 1980; Roecker et al. 1982; Singh and Herrmann 1983; Reha 1984; Akıncı et al. 1994; Akıncı and Eyidogan 1996; Anderson and Given 1982; Horasan et al. 1998; Gök et al. 2003; Tripathi and Ugelda 2004; Kumar et al. 2005; Husker et al. 2006; Zhu et al. 2007; Ugelda et al. 2010) , which determined the attenuation of the seismic waves in a number of tectonically stable and active areas. There are numerous mechanisms contributing to attenuation, and some conditions can affect the attenuation pattern significantly Aki 1985) . Nur and Simmons (1969) suggested that seismic energy dissipation could become anisotropic as a result of the application of a uniaxial stress. The variability of the near-surface properties is caused by changes in porosity, permeability, fractures, fluids, compaction, diagenesis and metamorphism (Toksöz et al. 1976) .
The Poisson's ratios can be readily translated from the P and S velocity ratios, V P /V S (e.g. Salah and Seno 2008) , allowing for a broad analysis of V P /V S ratios (e.g. Musacchio et al. 1997; MacKenzie et al. 2008 ). Poisson's ratio (or V P /V S ) is a key parameter in studying the petrologic properties of crustal rocks (Christensen 1996) and can provide tighter constraints on the crustal composition than either P or S wave velocity alone (Zhao et al. 2004 ). Poisson's ratio has been proven to be very effective for the clarification of the seismogenic behaviour of the crust, particularly the role of crustal fluids in the nucleation and growth of earthquake ruptures ). Poisson's ratio is a diagnostic of medium compositions and properties such as lithology and rheology (Rudnick and Fountain 1995; Christensen 1996; Fernández-Viejo et al. 2005) . Poorly consolidated or fractured material will also exhibit high V P /V S values. Compared to the seismic velocity itself, Poisson's ratio is a better indicator of the content of fluids and/or magma (Kayal et al. 2002; Takie 2002; Salah and Zhao 2003) .
The seismic quality factor (Q) and the attenuation coefficient (d) are strongly affected by the tectonic pattern of the crust in any region (Mitchell 1995) . Active tectonic regions are associated with low Q 0 values (Mak et al. 2004; Singh and Herrmann 1983; Jin and Aki 1980) . The spatial variation of the regional coda quality factor has been utilised in order to obtain a better understanding of tectonics, seismicity, seismic risk analysis and engineering seismology (Jin and Aki 1988; Singh and Herrmann 1983 ). The quality factor Q is a function of depth, which is directly related to the material damping ratio (Lai and Rix 1998; Rix et al. 2000) , is of fundamental interest in earthquake engineering (Kramer 1996) , geotechnical engineering, ground-water and environmental studies, as well as in oil exploration and earthquake seismology. It has been found from laboratory measurements that Q S /Q P ratio is less than unity in fluid saturated rock matrices and larger than unity in dry rocks (Toksöz et al. 1979; Mochizuki 1982; Winkler and Nur 1982) . Vassiliou et al. (1982) found the Q S /Q P ratio equal to unity for air dry rocks and less than unity for fully saturated rocks. Although some authors suggest that near-surface Q may be frequency dependent (Jeng et al. 1999) , Xia et al. (2002) followed the laboratory results (Johnston 1981 ) and Mitchell's work (1975) that Q is independent of frequency, allowing determination of Q as a function of depth based on the amplitude attenuation of Rayleigh-wave data.
Tectonics of Eastern Anatolia
The north-south intercontinental collision between Arabia and Eurasia since the middlelate Miocene (Sengör and Yilmaz 1981; Sengör et al. 1985a, b) and the initiation of the back-arc extension in the Aegean Sea since the late Oligocene (Jolivet et al. 1994; Jolivet and Patriat 1999) are the boundary conditions allowing the westward mass transfer of Anatolia, which is usually considered to be a rigid plate bordered by the North Anatolian Fault (NAF) and the East Anatolian Fault (EAF), which meet at Karliova. The high elevations of East Anatolia should not be related to the intercontinental convergence between the Arabian and Eurasian plates, but to mantle up welling, leading to lithospheric thinning and recent extension (Dhondt and Chorowicz 2006) . The most important tectonic feature is symbolised by high and young topography in the seismically active zone along the Zagros-Bitlis Suture Zone (ZBSZ), resulting from the collision of the Arabian plate with Eurasia ( Fig. 1 ) (Ş engör and Kidd 1979) .
Data
Digital data utilised for seismodynamic properties was recorded during 2007-2012 at the seismograph network of six seismic stations by the Earthquake Research Centre, Atatürk University, Erzurum (Fig. 2) . The six station and the epicentral locations of the earthquakes are presented in the Fig. 2 and Table 1 . The selected data set consists of 667 vertical recorded waveforms of 481 events with a focal depth between 1.4 and 12.8 km, epicentre distance between 15 and 202 km, magnitude ranging between 3 and 6.1 (Fig. 2) . I used Pg and Sg amplitude normalisation methods for reference values M L = 4, so as to correct the effects of the magnitudes. The epicentre corrections were made. Selection of seismic data was made according to the depth and distance. All raw data were filtered using the Butterworth filter for 1 Hz. The largest vertical amplitude of normalized was used for calculation. Arrival times and maximum amplitude values have been obtained on the normalized values. Seismic velocities were calculated using P and S wave arrival time (Fig. 3) .
Methods
The absorption coefficients of the Earth's crust beneath six research station in Eastern Anatolia were calculated using a method based on the decrease of body wave amplitude in time (Fig. 4) For propagating waves, the parameter that truly exists and is directly measurable is the spatial attenuation coefficient (Chernov 1960) . In the literature the attenuation coefficient at 1 Hz is given as:
where A r is the amplitude at any distance from the source, r is distance, A 0 is the initial or reference amplitude, d is the attenuation coefficient, and D is the epicentre distance. The properties of elastic crustal attenuation describe the loss of seismic energy in the crust to internal pressure, such as absorption by fluids in compressional and strain or friction along seismotectonic boundaries.
For a plane wave travelling in a homogenous medium, the quality factor Q is determined by .
where ð-Þ is angular frequency, Q is the quality factor, D is the epicentre distance, and DE is the peak strain energy lost in the cycles. It is denoted by a Q value,
where E being the energy and DE is the energy dissipation during a one wave cycle (Knopoff 1964 ). The quality factor Q is defined as the energy loss per unit cycle due to inelasticity (Aki and Richards 1980) . DE and -DA values are energy and amplitude respectively, which are lost in each energy cycle. Q can be written as:
where, f is 1 Hz frequency, d is the absorption coefficient, V is the P g and/or S g wave velocity, and Q P and Q S are the quality factors that can be easily computed by Eq. 4. By definition, Poisson's ratio is the ratio of radial contraction to axial elongation.
1À2r is used to determine the elastic parameter of Poisson's ratio (r) (Utsa 1984) . Quality factors (Q) and Poisson's ratio (r) were calculated using seismic velocities obtained from this study ( Fig. 3; Table 1 ).
Results
The d S /d P ratios were determined to be 1.059-1.194, with an average of 1.100. The Q S /Q P ratios were determined to be 1.479-1.858, with an average of 1.660. Figure 6 also shows that the ratio Q S /Q P is always greater than 1 (Q S /Q P [ 1) ( Table 1 ). The V P /V S ratios were (Table 1 ; Fig. 5 ). The highest Q S /Q P values were found in the KEMA region, and the lowest values were found in the PALU region (Table 1 ; Fig. 6 ). The great difference of Q S-P (Q S -Q P = 25.78) were found in the OLTU region. The highest Poisson's ratio-r, ratio and highest quality factor ratio-Q S /Q P was found in the KEMA area (Fig. 6 ). The highest V P /V S ratio is in at the KEMA station while the lowest value is observed in the ERZC region. The highest r value is observed in the KEMA region while lowest r value is observed in the ERZC region (Table 1 ; Fig. 4 ). The highest d S /d P values are observed in the PALU while the lowest absorption d S /d P values are observed in the KEMA region (Fig. 6 ).
Discussion
In this study I attempted to determine three different seismodynamic regimes among which are the North Anatolian fault zone, the East Anatolian fault zone and the Bitlis-Zagros structure in the upper crust. The local near-surface seismodynamics properties in the upper crust can be useful for identifying the distribution of seismic force in a particular area. The local seismodynamics can provide important and quantitative information about the horizontal geodynamics differences of the upper crust. In the study area, the average Q values (Q P : 35, Q S : 57) show average r (0.299) and average d values (d P : 0.0149, d S : 0.0163) ( Table 1) . The corresponding Poisson's ratios are 0.117-0.680 with an average of 0.299. The Q S/ Q P values are between 1.479 and 1.858 and the d S /d P ratios were determined to be 1. 059-1.194 (Table 1; Figs. 5, 6) . It is known that the Poisson's ratios of crustal rocks mostly vary between 0.2 and 0.3 (e.g., Lillie 1998). Johnston et al. (1979) also indicate in their study that at surface pressure most dry rocks have the value of Q S /Q P [ 1. Our result on Q S /Q P ratio is in the range of 1.479-1.858 (Table 1) and is in good agreement with the results obtained by the laboratory measurement and other experimental results mentioned below. Aydın (2014a) presented the presence of relationship in the different tectonics zone between the seismodynamics differences and of coda Q in Eastern Anatolia; this study is prominent in the near upper crust stress accumulation. Aydın (2014b) estimated the quality factor using the model based on the epicentre distance-amplitude relations from 3 broadband stations deployed in the eastern Anatolia. It is calculated Q P and Q S values were determined as 37 and 55, respectively. These small differences occurred two different data contexts and are associated 
Conclusion
Two major differences were distinguished from the study findings. The lowest attenuation values were obtained in Palu and Mus stations close to the ZBSZ. Both areas are under the influence of a big compression force from the Zagros-Bitlis Suture. The maximum value of the d and r were obtained from the KEMA station. KEMA station and vicinity is also the site of high dilatational tectonic area revealed by several big earthquakes along the NAFZ. For the area of Erzincan, which had low Q and r values, the high d values can be explained The compressional or dilatational tectonic patterns, structural complexity or topographic irregularities provide a complex seismodynamics pattern. The lateral changes of these seismodynamics properties are the change of lateral force in the crust, which is strongly dependent on the thickness and content of the upper crust. In this study, different seismotectonics areas were distinguished, which were in compliance with the complex geotectonic characteristics of Eastern Anatolia.
